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ABSTRACT

The objective of this research is to design, control, and implement microgrid systems
integrating solar photovoltaic (PV) array with battery energy storage (BES) and wind energy
with BES. Double stage three phase three wire and three phase four wire solar PV-BES based
microgrids are implemented in this work. Three-phase four-wire microgrids offer neutral
current compensation in addition to the functionalities of three-phase three-wire PV-BES
microgrids. Doubly fed induction generator (DFIG) is preferred in wind energy conversion
system (WECS) due to its variable speed operation, partial-scale power converter (reducing
cost), independent active/reactive power control and higher efficiency compared to full-
converter systems. So, in this work, wind driven DFIG-BES based DG set/grid interactive
microgrids are explored.

This work investigates a cost-effective mechanical speed and position sensorless control for
DFIG-wind energy conversion system (WECS). A sensorless technique based on an adaptive
notch filter (ANF) with a position compensation unit (PCU) is proposed for DFIG. It operates
efficiently under varying wind speeds and load imbalances. Despite the presence of harmonics
in rotor currents, proposed scheme ensures precise rotor speed estimation. Additionally, PCU
corrects position errors, ensuring accurate rotor position estimation.

Frequent power outages in rural areas demand reliable and efficient energy solutions. To tackle
this, autonomous and intelligent control strategies are developed for grid-interactive PV-BES
and wind-BES microgrids. These systems ensure uninterrupted power during grid failures and
subsequent restorations while managing renewable power fluctuations. The microgrid operates
seamlessly across different modes, with smooth transition logic and islanding detection
enabling shifts between off-grid and grid-connected modes. In off-grid operation, the grid-
forming converter (GFC) maintains voltage and frequency stability at the point of common
interconnection (PCI). During grid/DG-connected mode, advanced GFC control techniques
improve power quality by extracting fundamental positive-sequence currents from nonlinear
loads. These systems also provide power quality enhancements-such as harmonic elimination,
power factor correction, reactive power compensation, and grid currents balancing-while

ensuring continuous power to critical loads, even during grid outages.
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ARIRA
I MY BT I IR BIeraifeed (PV) TR B gt St g+ (BES) & 1Y 3R Tad
3ol B BES & 1Y UShighd B alal ARHhINS Ried &1 feumz, Frifia ok srffad
FRATE | B | GI-aR01 AT FH-Te dH-aR MR -0l IR-dR AR PV-BES SR
AEHISY &I ar] foar T 81 -1l IR-aR AR@Iey, dH-thef dH-dR PV-BES
AEHINSY & Hriemarst & Hfaiead, Fed dic HIARE Ht TeH #3d g1 T Sl
FUIARUT YUMTell (WECS) T &g the S8R SRR (DFIG) Pi =R Tifd TdTeH, 3ifRrep-
T UTaR F-ac} (AFTd HH BT, Wad Afepa/mfafsbaniia efad oo ok gof-s-adk
ey &t o o I GefdT &b HRUT TTfiesar <t S | s9fe, 39 &1 o uaH =nfera
DFIG-BES 3MTUTRd DG Je/fIs Sexufaed HEhifigy &1 3=auul fear M g |
Y H H DFIG-Ud SHolf FUTdR0I YUITelt (WECS) & ot Ueh anTa-uHTe aifies Tfd 3iR
OIoiTeM YORe fAg=01 1 S &1 718 81 DFIG & ol U ISl SitaRH giHe (PCU)
F 1Y TSIPT A fheex (ANF) TR 3eiRd JWRAT dhb-ie Ukdifdd & 78 g1 I8
gRadRITE e T 3R S SRigad &1 fufd & HRIaargde &1 dxal g | e RIS
T g B SURRIT & STav[g, URaTad areiHT e TTid &l Tl A AT Bt
21 91U §Y, PCU TSR Ffedl &1 T8 Hrdl &, o ex ISl &1 el 3HTH T off
THAI |
yrefior &5 ° SR-aR 819 aTell faoTelt Hetdt & HRUT faya-a 3R H=Id ol GHTeT B
aRAHdl g1 39 IR ¥ e & fow, fre-gcxufaead pv-BES 3R UaH-BES
ARHIISY & fod WA iR gfgam Ha=0 uHifaar fasiid & T 81 3 Ren s
fammaarar iR IU® a1 B FgTel & SR SETFIT faoTel! g™ HRd §U TdIHRuN SHoll
IAR-AGId BT TaeH Fd ¢ | Arshis faftd diew & ety ©u 9 $1 &l g, fored
T YA dioie 3R SMEdfer fSeam Hp-fg ok fre-dacs Aigy & o=
RIdT B eH HRd g | 3HTh-frs Jemes #, Frs-wifdn sad? (GFC) Ulse 3T H1aH
ZEHHRM (PCI) R e 3R MGRT FRRAT s 3adT ¢ | Br8/DG-Frde s HIg & GRT,
I GFC e ae-id RIS YR ¥ gayd uifvfea-diey arst & Feras?
faggd o & UR #xal ¢ | 3 Ried g S=eH, TR thaex R, Ufdfeamiia
fad &fayfe iR Bre urTaii &1 Tgferd w1 okt faggd Turawn gfs off oe™ &xa §, Ty
g fre sm3es & R H Fgayul 4RI &1 AR fastelt gffda #vd €1
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Net power delivered by the DFIG

Reactive power delivered by stator of DFIG

Error between reference and actual reactive power delivered by
stator of DFIG

Voltage safety factor

Current safety factor

Overload factor

Modulation index

Maximum operating slip of DFIG

Interfacing inductor of PSC

Interfacing inductor of GFCy

Input frequency of ANF

Angular speed of rotor of DFIG in rad/s

Reference angular speed of rotor of DFIG in rad/s

Estimated angular speed of rotor in rad/s

Angular frequency of PCI

Rotor currents in DQ reference frame

Rotor currents in of reference frame

Rotor currents of DFIG in dq frame post stator synchrnization
Reference rotor currents of DFIG in dq frame post stator
synchrnization

Filtered 2ph stator voltages

Reference stator voltages in dq frame

Estimated d-axis stator voltage in dq frame

Stator resistance of DFIG

Mutual inductance between stator and rotor winding of DFIG

q axis current of stator of DFIG

q axis current of rotor of DFIG

Rotor position of DFIG

Estimated rotor position of DFIG
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Opc

O

Kiro
Kpr5; Kir5
Kpr4; Kir4
KprZ; KirZ
Kpa; Kia

Gpa; pr, Gpc

wj(k)
puj(k)

Cii(k)
Kpp’ Kip

¢
Fra, Fip, Fre

Fi

Udgabe

Position compensation for DFIG

Intermediate estimated position of DFIG

Integral gain of RSC controller prior to stator synchronization
Proportional and integral gains of PI controllers for inner current
loops control of RSC of DFIG post stator synchronization
Proportional and integral gains of PI controllers for outer speed
control of RSC of DFIG post stator synchronization

Proportional and integral gains of PI controllers for reactive power
control of RSC of DFIG post stator synchronization

Proportional and integral gains of PI controller used in VCO of
AECCF PLL

Fundamental active weights of the load currents extracted using
WOVSSA filter control

Mean of active power weights of load currents estimated using
WOVSSA filter control

Reference grid power

Net active weight component of grid current

Fundamental component of nonlinear load currents extracted using
WOVSSA filter control

Number of optimized weights used for filtering

Number of weights used for optimization

Cost function of LMF filter

Variable step size for WOVSSA filter

Interim step size of WOVSSA filter

Cost function of interim step size

Interim estimated weight

Proportional and integral gains of PI controller used in VCO of
T2FCSRF-PLL

Damping factor

Fundamental active weights of the load currents extracted using
UEHCRA filter control

Mean of active power weights of load currents estimated using
UEHCRA filter control

Scaling factor

Shaping parameter

Unit templates of DG set voltages
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